SLIDING MEMBER 



FIELD OF THE INVENTION 

The present invention relates to a sliding member The sliding member is 
suitably used for recording media having a rotating body such as discs or tapes, and 
drive units or recording units thereof, and the like. 

DESCRIPTION OF THE RELATED ART 

In recording media having a rotating body such as VTR, FD or MO and 
recording units for driving them to read or write data, it has hitherto been carried out to 
dispose a plastic material having excellent sliding property between the rotating body 
and a supporting section thereof For example, polytetrafluoroethylene (hereinafter 
referred to as "PTFE" for brevity) and ultrahigh molecular weight polyethylene 
(hereinafter referred to as "UHMWPE" for brevity) are used as the slidable material. 
Further, it is known that porous sheets of such a plastic material are suitable as the 
slidable material because of excellent coefficient of friction thereof (for example, see 
JP-A-2001-148175). 

A pressure-sensitive adhesive layer is laminated on the slidable material, and the 
laminate is provided for use. However, if a load is applied to a sliding member 
comprising a porous sheet of PTFE or UHMWPE having a pressure-sensitive adhesive 
layer provided thereon over a long period of time, a phenomenon occurs that the 
pressure-sensitive adhesive exudes from pores of the porous sheet. In such a state, slide 
does not occur between the sliding member and a part (rotating body) causing movement 
such as rotation, whereby the sliding member cannot exhibit its performance. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a sliding member which has good 
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sliding property and even when a load is applied thereto over a long period of time, can 
suppress exudation of a pressure-sensitive adhesive. 

As a result of extensive and intensive investigations to overcome the above 
problems, it has been found that the above object can be achieved by a specific sliding 
member described below. The present invention is completed based on this finding. 

The sliding member according to the present invention comprises a slidable 
substrate and a pressure-sensitive adhesive layer provided on one side thereof, wherein 
the slidable substrate is a porous form comprising a plastic, and a barrier layer is 
provided between the slidable substrate and the pressure-sensitive adhesive layer. 

Thus, the slidable substrate uses a porous form comprises a plastic and therefore 
has excellent sliding property. Further, the barrier layer is provided between the slidable 
substrate and a pressure-sensitive adhesive layer, and this can suppress movement of a 
pressure-sensitive adhesive from the pressure-sensitive adhesive layer even under a 
loading condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing one example of a sliding member of the 
present invention. 

Fig. 2 is a cross-sectional view showing one example of the conventional sliding 
member. 

In the drawings: 

1 : Slidable substrate 

2: Pressure-sensitive adhesive layer 

3 : Barrier layer 

4: Separator 

DETAILED DESCRIPTION OF THE INVENTION 
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The embodiment of the present invention is described below with reference to 
the accompanying drawings. 

Fig. 1 is a cross-sectional view showing one example of the sliding member 
according to the present invention, in which a pressure-sensitive adhesive layer 2 is 
provided on one side of a slidable substrate 1 via a barrier layer 3. The 
pressure-sensitive adhesive layer 2 can be provided with a separator 4. 

Fig. 2 is a cross-sectional view showing one example of the conventional sliding 
member, in which the pressure-sensitive adhesive layer 2 is provided directly on one 
side of the slidable substrate 1 . 

The slidable substrate used in the present invention is a porous form comprising 
a plastic. Since the slidable substrate is required to have sliding property against other 
parts, a material having a low coefficient of friction is used. For example, the coefficient 
of friction is 0.2 or lower, and preferably 0.1 or lower. Suitable examples of the plastic 
having sliding property include polytetrafluoroethylene (PTFE) and ultrahigh molecular 
weight polyethylene (UHMWPE). UHMWPE having a low coefficient of friction and 
excellent abrasion resistance is preferably used. The UHMWPE also has an advantage 
such that its cost is low. Such a plastic having sliding property is formed into a porous 
sheet form and used as the slidable substrate. 

The porous sheet using UHMWPE will be described below. UHMWPE has a 
molecular weight exceeding 500,000, and preferably exceeding 1,000,000. Examples of 
such UHMWPE include Hizex Million (manufactured by Mitsui Chemicals, Inc.) and 
Hostalen GUR (manufactured by Ticona), that are commercially available. The 
molecular weight as referred to in the present invention means a measured value by the 
viscometry. 

Examples of a method of preparing the porous sheet of UHMWPE include an 
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extraction method and a sintering method. Of those methods, the sintering method 
described in JP-B-5-66855 is preferable from the standpoints of reduction in coefficient 
of friction and uniformity of pore size of a porous sheet prepared. 

The sintering method described in the above-cited patent document will be 
described below. First of all, an UHMWPE powder is charged in a mold, heated at a 
temperature lower than the melting point of UHMWPE, and pressurized to prepare a 
preform. The preform is allowed to stand in an atmosphere of vacuum to remove air. 
The preform thus treated is sintered in a steam atmosphere heated at a temperature of the 
melting point or higher of UHMWPE, and then cooled to prepare a porous form of 
UHMWPE. 

The sintering method will be described in more detail below. An UHMWPE 
powder is charged in a mold and heated. The heating must be carried out at a 
temperature lower than the melting point of the UHMWPE powder. Usually, the heating 
temperature is preferably within a range of 20°C lower than the melting point. The 
heating time is appropriately determined depending upon the heating temperature. In 
general, the heating time is preferably in a range of 30-60 minutes per cm of the 
thickness of a preform formed in the mold. 

^ After heating, the UHMWPE powder charged in the mold is pressurized to 

prepare a preform. In general, the pressurization can be carried out under a pressure of 
about 0.3 x 10 5 to 40 x 10 5 Pa while adjusting a height of the UHMWPE powder charged 
in the mold. There is the following relationship among a weight of the preform formed 
in the mold (weight of UHMWPE powder charged in the mold), a bottom area of the 
preform (usually equal to a bottom area of the mold) and a specific gravity of the 
preform (apparent density). Weight = Bottom area x Height x Specific gravity 
(Apparent density). Accordingly, it is possible to determine the specific gravity 
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(apparent density) of the preform by setting up the height of the UHMWPE powder 
charged in the mold at a prescribed value by the pressurization. That is, where the 
weight of the UHMWPE powder to be charged is made equal using the same mold, the 
higher the charge height, the smaller the specific gravity of the obtained preform is. In 
the present invention, it is preferable in point of workability to adjust the charge height 
such that the specific gravity (apparent density) falls within the range of about 0.23-0.78 
(porosity is about 15-75%). 

The specific gravity (apparent density) of a porous form obtained by the 
sintering method is a close relationship with the specific gravity (apparent density) of a 
preform if other conditions are identical. The higher the specific gravity (apparent 
density) of the preform, the higher the specific gravity (apparent density) of the porous 
form using the same is. It can say from this fact that the pressurization is a step for 
determining the specific gravity (apparent density) of the porous form. Where the 
specific gravity (apparent density) of the preform obtained by the pressurization step is 
set up at the above-specified range, a porous form having a specific gravity (apparent 
density) of about 0.28-0.74 (porosity: about 20-70%) is obtained although slightly 
varying depending on conditions of the subsequent steps. The porosity can be calculated 
from the specific gravity (apparent density) of the preform or porous form according to 
the following equation: 

Porosity (%) = {1 - (Apparent specific gravity)/(True specific gravity of 
UHMWPE)} xlOO 

The preform obtained by the pressurization step is subjected to deaeration 
treatment in a vacuum atmosphere, whereby air within the pores of the preform is 
removed. The deaeration treatment used is, for example, a method in which the preform 
is taken out of the mold, placed in a pressure container, and then subjected to vacuum 
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treatment. The vacuum atmosphere is usually in the range of about 13.3-1,330 Pa. 

The preform having been subjected to deaeration treatment is sintered in a steam 
atmosphere heated at a temperature of the melting point or higher of UHMWPE. During 
sintering, the preform is in a deaerated state as described above, and the steam is usually 
pressurized. Therefore, the steam easily enters the preform and rapidly transmits heat, 
whereby the preform is sintered. Thus, when the preform is subjected to steam sintering 
while maintaining the deaerated state, heat is transmitted to the whole of the preform 
uniformly and rapidly. As a result, it becomes possible to obtain a porous form provided 
with pores having uniform distribution and pore size. Accordingly, the sintering step 
with this heated steam is desirably carried out by a method in which a pipe for 
introducing steam and a valve for opening and closing this pipe are disposed in the 
pressure container, the preform is subjected to deaeration treatment, and the valve is 
opened while releasing the vacuum state or maintaining the vacuum state, thereby 
introducing heated steam. 

The time required for sintering is appropriately determined according to 
conditions, such as size of the preform and sintering temperature, and is usually about 
3-6 hours. The sintering time in other sintering methods is about 48-72 hours. From this 
fact, it can be understood that this sintering method is a production method with high 
production efficiency. After sintering, the perform is cooled to obtain the desired porous 
form. To prevent generation of cracking, etc., of the porous form due to quenching, 
cooling by allowing the preform to stand at room temperature is preferable for the 
cooling. 

A method of forming the porous form into a sheet is not particularly limited. For 
example, cutting using a lathe, etc., can be employed. Processing is carried out 
according to purpose of use. For example, in using the UHMWPE porous sheet in 
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optical disc units, it is usually processed in a flat ring-like form. This processing is 
carried out by stamping, etc. 

The porosity of the UHMWPE porous sheet is set to a range of preferably 
20-70%, more preferably 20-50%, and most preferably 30-50%. If the porosity is less 
than 20%, the coefficient of friction of the porous sheet tends to increase. On the other 
hand, if the porosity exceeds 70%, the mechanical strength of the porous sheet tends to 
decrease. The porosity can be adjusted by the specific gravity of the perform, the 
particle size of the UHMWPE powder, or the like. The porosity used herein is a 
proportion of voids to the apparent volume. 

In general, the UHMWPE porous sheet has a thickness of preferably 0.02-0.50 
mm, more preferably 0.03-0.30 mm, and most preferably 0.05-0.20 mm. If the thickness 
is less than 0.02 mm, the mechanical strength tends to decrease. On the other hand, if the 
thickness exceeds 0.50 mm, the thickness of the resulting sliding member may be too 
large. 

To further decrease the coefficient of friction, the UHMWPE porous form may 
be impregnated with a lubricant such as silicone. Further, for the prevention of 
electrification, the UHMWPE porous form may be impregnated with a surfactant or an 
antistatic agent such as conductive polymers. Besides, carbon black or a conductive 
polymer may be mixed when molding, thereby imparting antistatic property. 

A barrier layer is not particularly limited so long as it is made of a material 
exhibiting an appropriate adhesion to the porous sheet using UHMWPE, etc. For 
example, thermoplastic resins such as polyethylene or polypropylene are used. Such a 
thermoplastic resin is generally used in a sheet-like form. Further, a laminate sheet of 
thermoplastic resin sheets, or a laminate sheet of a thermoplastic resin sheet and a 
high-strength sheet such as polyethylene terephthalate or polyimides can be used as the 
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barrier layer. 

The resin sheet (barrier sheet) is adhered to the porous sheet to form a barrier 
layer. The adhesion method is, for example, a method in which a resin sheet and a 
porous sheet are passed between a pair of heated rollers, thereby heat fusing those. In 
that case, materials causing exudation from pore portions of the porous sheet are not 
desirable as a material of the barrier layer. For example, where a resin sheet used in the 
barrier layer has a very large volume to the porosity, the material of the barrier layer may 
cause exudation. 

For those reasons, it is preferable to use a sheet obtained from, for example, a 
thermoplastic resin having a high melt viscosity as the resin sheet used in the barrier 

layer. The melt viscosity is preferably 5-500 kPa s, and more preferably 10-200 kPa s. 
The melt viscosity is measured by a viscoelasticity analyzer. The melt viscosity is a 
value measured at 200°C and at a frequency of 1 rad/sec. Examples of such resins 
having a high melt viscosity include crosslinked polyethylene. The crosslinked 
polyethylene can be obtained by irradiating ordinary polyethylene with an appropriate 
dose of electron beams. When electron beams hit molecules of polyethylene, bonding 
occurs among the molecules, whereby a molecular structure having a three-dimensional 
bonding (crosslinking structure) is formed. The resin sheet using such a resin having a 
high melt viscosity can maintain a sheet shape to some extent even when the temperature 
reaches the melting point of the resin. Therefore, when such a sheet is used as the barrier 
layer, exudation of the barrier layer material from pores of the porous sheet does not 
occur. 

The thickness of the barrier layer varies depending on the porosity or thickness 
of the porous sheet, but is generally about 0.01-0.5 mm, and preferably 0.02-0.05 mm. If 
the thickness of the barrier layer is less than 0.01 mm, inconvenience such as opening of 
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pores of the porous sheet may occur. On the other hand, if the thickness exceeds 0.5 mm, 
the resulting sliding member may increase too much. 

A pressure-sensitive adhesive layer is formed of a variety pf pressure-sensitive 
adhesives. The pressure-sensitive adhesive is not particularly limited, and conventional 
pressure sensitive pressure-sensitive adhesives, such as acrylic pressure-sensitive 
adhesives, rubber based pressure-sensitive adhesives or silicone based 
pressure-sensitive adhesives, can be used. The kind of the pressure-sensitive adhesive 
used can appropriately be selected depending on the kind of an adherend or the barrier 
layer. 

The pressure-sensitive adhesive layer can be formed by, for example, forming a 
double-sided pressure sensitive sheet having an pressure-sensitive adhesive layer 
formed on both surfaces of a substrate such as a polyethylene terephthalate film, and 
adhering a barrier layer to only one side of the double-sided pressure sensitive sheet. 
The pressure-sensitive adhesive layer may be formed by directly applying a 
pressure-sensitive adhesive to a barrier layer. The pressure-sensitive adhesive layer can 
also be formed by transferring a pressure-sensitive adhesive layer formed on a separator 
to a barrier layer. The surface of the barrier layer contacting the pressure-sensitive 
adhesive may be subjected to a treatment for easy adhesion, such as corona discharge, in 
order that the pressure-sensitive adhesive layer is strongly adhered to the barrier layer. 

The thickness of the pressure-sensitive adhesive layer is not particularly limited. 
Where the pressure-sensitive adhesive layer is formed by adhering a double-sided 
pressure sensitive sheet to a barrier layer, the thickness of the pressure-sensitive 
adhesive layer is preferably about 0.01-0.3 mm, and more preferably 0.03-0.1 mm even 
in any case of the formation of the pressure-sensitive adhesive layer by coating or by 
transferring. If the thickness of the pressure-sensitive adhesive layer is less than 0.01 
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mm, sufficient adhesion to a recording medium, its drive unit, recording unit or the like, 
as an adherend may not be obtained. On the other hand, if the thickness exceeds 0.3 mm, 
the thickness of the resulting sliding member may become too large. 

A separator may be laminated on the pressure-sensitive adhesive layer from the 
standpoint of handling property. The separator can be chosen according to the kind of 
pressure-sensitive adhesive and is not particularly limited. For example, a polyethylene 
terephthalate sheet to which a material having release property such as silicone resins is 
applied can be used. Plastic films to which the pressure-sensitive adhesive is relatively 
difficult to adhere, such as polyethylene or polypropylene, can also be used. 

The present invention is described in more detail by reference to the following 
Examples, but it should be understood that the invention is not construed as being 
limited thereto. 

EXAMPLE 1 

Preparation of Slidable Substrate: 

An UHMWPE powder (molecular weight: 5,000,000, melting point: 135 °C) 
was charged in a mold and heat compressed at 125°C to prepare a preform. The preform 
was further heated in a steam atmosphere at 160°C to sinter, and then cooled to obtain a 
cylindrical porous form (porosity: 35%). The cylindrical porous form was cut into a 
sheet-like form having a thickness of 0.10 mm using a lathe, to obtain an UHMWPE 
porous sheet. This was used as a slidable substrate. 
Formation of Barrier Layer: 

A low density polyethylene sheet (thickness: 0.03 mm) was crosslinked by 
irradiation with electron beams to obtain a barrier sheet. The barrier sheet (crosslinked 

low density polyethylene) had a melt viscosity of 30 kPa s (measured at 200°C and at a 
frequency of 1 rad/sec using a viscoelasticity analyzer). 
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The UHMWPE porous sheet and the barrier sheet obtained above were adhered 
by passing those between a pair of rubber rollers heated at 135°C at a rate of 0.5 m/min, 
thereby forming the barrier layer on the slidable substrate. 
Formation of Pressure- Sensitive Adhesive Layer: 

A coating solution was prepared by adding 1.2 parts by weight of benzoyl 
peroxide and 100 parts by weight of toluene to 100 parts by weight of a silicone based 
pressure-sensitive adhesive (KR101-10, manufactured by Shin-Etsu Chemical Co., Ltd.). 
The coating solution was applied to both surfaces of a polyethylene terephthalate film 
having a thickness of 0.025 mm and dried by heating at 130°C for 10 minutes, to prepare 
a double-sided pressure sensitive tape. Each of the pressure-sensitive adhesive layers of 
the double-sided pressure sensitive tape had a thickness of 0.03 mm. A separator was 
adhered to one of the pressure-sensitive adhesive layers. This separator was a 
polypropylene sheet having a thickness of 0.05 mm. 

The slidable substrate and the double-sided pressure sensitive tape were adhered 
with each other by passing those between rubber rollers at a rate of 0.5 m/min such that 
the barrier layer of the slidable substrate faces the pressure-sensitive adhesive layer (side 
on which no separator was adhered) of the double-sided pressure sensitive double tape. 
The temperature of the rubber rollers was 60°C. The resulting sheet was punched into a 
disk having a diameter of 10 mm to obtain a desired sliding member. 

COMPARATIVE EXAMPLE 1 

A sliding member was obtained in the same manner as in Example 1, except that 
the barrier layer was not formed on the UHMWPE porous sheet. 

COMPARATIVE EXAMPLE 2 

A sliding member was obtained in the same manner as in Example 1, except that 
a non-porous UHMWPE sheet was used as the slidable substrate. 
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The sliding members obtained above were evaluated in the following manners. 
The results obtained are shown in the Table below. 
Coefficient of Friction 

The coefficient of friction was measured using a sheet of polyethylene 
terephthalate as a counter material by a Bowden-Leben type friction tester under 
conditions of a sliding rate of 150 mm/min, a ball having a diameter of 12 mm as a 
contact surface, and a load of 200 g. 
Exudation of Pressure-Sensitive Adhesive 

A load of 600 N/cm 2 was applied to the sliding member in an atmosphere of 
60°C for 60 minutes. The sliding member was cut and microscopically observed as to 
what extent the pressure-sensitive adhesive moved. The evaluation was made on 
whether or not the pressure-sensitive adhesive reached the surface of the slidable 
substrate. The case where the pressure-sensitive adhesive reached the surface of the 
slidable substrate was judged as "Yes" of exudation, and the case where the 
pressure-sensitive adhesive did not reach the surface of the slidable substrate was judged 
as "No" of exudation. 



TABLE 





Coefficient of friction 


Exudation of 

pressure-sensitive adhesive 


Example 1 


0.08 


No 


Comparative Example 1 


0.08 


Yes 


Comparative Example 2 


0.20 


No 



As is apparent from the results shown in the Table above, the sliding member of 
the Example has a low coefficient of friction and therefore has good sliding property 
Further, the sliding member of the Example is free from exudation of a 
pressure-sensitive adhesive. On the other hand, the sliding members of the Comparative 
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Examples cannot satisfy the sliding property due to low coefficient of friction and the 
prevention of exudation of an pressure-sensitive adhesive at the same time. 

It should further be apparent to those skilled in the art that various changes in 
form and detail of the invention as shown and described above may be made. It is 
intended that such changes be included within the spirit and scope of the claims 
appended hereto. 

This application is based on Japanese Patent Application No. 2003-105196 filed 
April 9, 2003, the disclosure of which is incorporated herein by reference in its entirety. 
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